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DEPZNDENCE OF THis EFFECT OF IONIZING RADIATION ON THE COURSL OF
VIRAL INFECTIONS ON TIIX DOSE OF VIRUSLS USED FOR THe INFECTION OF
_ ANIMALS :

Following is the translation of an article by a. G.
noroz and O, P, Peterson, Institute of Virology imoni
D. 1, Ivanovskogo, Allli, USSR, Moscow, published in the
Russian-language periodical Voprosy Virusologii (Prob-
lems of Virology), No 5, 1967, pages 562-566. 1t was
submitted or. 18 Oct 1966._7

it has been demonstrated in many works that the influence of
ionizing radiation on the course of experimental viral infoction
depends on the dose and the time of irradiation (before and after
infectlon), on the period between irradiation and infection
pathogonesis of the lnfection, etc..ZfB, 17, 18, and others/.
However, up until now it is still not clear why under approximately
the same experimental conditions soms authors establish a negative
and others a positive effect of irradiation #, For example,
X-ray irradiation with a dose of 100 R, conducted 48 hours prlor
to infection of white mice with the influenza virus, according to
deta of some authors ZIS, 227 causes a lowoering, and according to
data of others /Ig/ an increase in the susceptlbility of animals
to this virus. Cases of a positive and negative effect of radi-
ation on the course of viral infecti.n have also been described
for X-ray irradiation with doses less than 100 R /I, 11, 16, 18,
227. We have attempted to explain the reason for such a diffor-
ence in the effect of radiation.

# A negative effect of ionizing radiation is expressed 1in an |
inerease in the number of animals which died from infectlon, and
a positive effect = by a lowering of this indox.

Of the number of conditions in carrying out an experiment
which could exert and influence on the nature of the action of X-ray
irradiation, we gave special attention to the dose of virus used
for infection of the animals,

Positive Action of X-ray Irradiation and Dose of Viruses"

Dubin and assoclates [5%7 showed that X-ray irradiation with
a dose of 100 R, conducted 48 hours prior to the infection of

white mice with the virus of swine influenza, lowered the suscepti-
bllity of the animals to infection with this virus. At this dose

~of virus almost 100% death of animals (15 out of 16) was observed

in the control group (nonirradiated mice).
According to data from Rowe /277 after total X-ray irradiation

of adult mice with a dose of 300 R, conducted 1 and 4 dayc (but not
6 days) prior to the intracerebral or intraperitoneal injectlon of
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the lymphocytic choriomeningitis virus, the snrvival rate increnses
noticeably and there are less objective proofs of the presence of
infection, 1In the control (nonirradiated) animals viral infection
caused 100% death, '

Ye. I. Sklyanskaya 4ij7 established that X-ray irradiation
(75, 200, 300, and 500 R}, performed 2 days after tha intracere-
bral infection of mice with the Dakar strain of the yellow fever’
‘'virus, produces a significant lowering in the susceptibility ol
the irradiated animals to the virus (regardless of aose of irrad-
iation) in comparison with nonirradiated. Out of 9 control ani-
mals (infected, nonirrediated) 6 died. -

Goldberg and associates /24/ demonstrated that if X-ray
irradiation 1s begun 24-48 hours after intranasal exporimental
infection with the St. Louis encephalitis virus and was carried
out with 24-hour intervals right up to the death of the micc or
no longer than 12 exposures (single dogse 150 R), then it has a
positive influence on the course of the virus infection: in
the test group 19 animals out of 38 died, and in the control
- 52 out of 53. .

Thus a positive effect of both preliminary (100-300 R) and
subsequent (75-500 R) X-ray irradiation is observcd mainly in
those cases when the infecting dose of virus causes almost the
100% death of control (nonirradiated) animals.

Nature of the Action of lonizinz Radiation and Dose of Virus

It can be expected that with a reduction in the dose of virus
the positive effect of X-ray irradiation will gradually transform
into a nogative effect. ‘

Thus 1f the dose of swine influenza virus used casused tha
doath of almost 100% of the control (nonirradiated) mice then,
as was noted above /22/, preliminary X-ray irradiation exor:ied a
positive effect on the course of influenza infection. Undor these
sane conditlons /227 subsequent irradiation (5, 50, 100, or 200 R
24 hours after intranasal infection) did not influence influenza
infection,

While the infecting dose of influenza virus -: caused the
death of a)proximately 36=-50% of control (nonirradiated) nice,
preliminary X-ray irradiation with a dose larger than 200 R hzd
(however still not constant) a tendoncy to incrcase the suscep-
tibility of the animals to influenza infection /I3, 20/7. ‘

Vle proposed that on a model of Infectlon caused in mlcoc by tue
virus of human influenza the dependence of the naturc of the efl’lecct
of X-ray irradiation on the dose of the virus is manifested aliwcst
the same as on a model of infectlion caused in animals by thc virus
of swine influenza in view of the great slmilarlty in the blologi-
cal properties of both viruses,
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And, finally, when the inrecting dose of virus caused tno doath
of approximately 55 of the control (nonirradiated) mice then the
froliminary X-ray irradiation with doses larger than 200 R already
as a rule increased the susceptibility of the animals to’ influenza
infection /I0, 15, 20/. ‘

Thus following a lowering of the dose of virus from that waicn
causcs the death of almost 100% of the control (nonirradiated) '
animals to doses at which almost all the animals survive in actu=-
ality a tendency is noted for the transformation of the effect of
total X-ray irradiation from positive inio negative. This tendonoy
can bo followed based on the results from the lnvestigations of
a number of authors. A

Thus when DeGara and If'urth [§%7 used large doses of influenza
virus for infectlon (24-48 hours after irraciation) the sercentza.e
of sick and perished animals among mice (lines of black-g; cate:

¢zl and IC,H and lines of white mice : Swiss, A, ana Rf) walch had
been irradgatedvvith 300 R was the same as among nonirradiated nmice.
When these same autidors used small doses of virus for infection,

in lrradiated mice this indox was already considorably higher than
in nonirradiated mice. Beutler and Gezon /20/ did not detect any
difforences in the percentage of death of Infected irradiated and
nonirradiated animals if for the infection of irradiated (frou 50
to 750 R) mice they used an influenza virus which had boen adajpted
to mice (under tne conditions of this experimont caused tho dJdoath
of b0 of tne nonirradiated aninmals); when useing a strain which
was adaptod to chick embryos they ostabliahed a highly signilicant
excess of this index in experimental mice (infected, irradiated)

in comparison with the control (infected, nonirradiated).

This same tendency 1s revcaled in a comparison of the dEta of
P, I. Remezov /T4/ and Rowe [5%7. ‘Wle already noted above that if
for infection of walte mice & dose of lymphocytic choriomeningitis
virus was uscd which caused the death of nonirradiated control mice
without exception, then with the preliminary irradiation with a
dose of 300 R the susceptibility to the virus was reduced /277
(positive effect of X-ray irradiation). I1f for infection they
used a mild dose of virus which caused the doath of apyroximately
505 of nonirradiated control mice (8 out of 15), then as a result
in animals which were preliminarily irradiated with doses of 200,
300, 400, and 500 R the resistance to the virus was reduced in
comparison with the control /14/.

in the same manner /17/ if for the subcutansous and intra-
cerebral Infectlon of white mice they used large doses of enceprha-
lomyocarditis virus (strain ii1), which causes the death oi control
nonirradiated mice almost without exception, then no difference
was noted in susceptibllity to virus between the test (preliminary
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irradiation with a dose of 300 R) and the control (nonirradizted
animals) groups (out of 16 test mice 16 died, and out ol 15 control
- 15). If thc infecting dose of virus was small, then mice which
had been preliminarily irradiated with a dose of 300 R, turned

out to be conaiderably wmore susceptible to the virus than non-
irradiated mice,

When uselng 100 LDgny of Taylor encephalitis for infection,
which causes the death of the majority of white mice in the con-
trol, Tanner and Cochile 257 noted a lower mortality rate i
irradiatod animals than nonirradiated. With the use of a
lesser dose of virus (10 LDg ) for infectlon an increase was ob-
served in the percentage of gead mice among those irradiated.

Analogous results were obtained algso on & modol of the pollio=-

 myelitls virus. Lenz and Jungeblut /26/ established that X-ray

irrddiation did not exert any effect on the course of poliomyclitis
in monkeys. The percentage of dead control (nonirradiated) animals
was ¢close to 100, *

it The authors present information only about the dead experimental
animals (6/7). However, if it is considered that an effect of
X-ray irradliation on the course of the infectious procecss was not
detected, then the number of dead control monkeys apparently was
hardly any different from that in the test group and, consequently,
was approximately equal to 6/7.

Other authors /Tg/, who in their experiments usod & dose of

poliomyelitis virus at which almost all the control (nonirradiated)

monkeys survived, noted that in test animals (irradiated, infected)
there was a significant increase of susceptibility to the virus
in gomparison with the control (nonirradiated, infected).

In all,what has been stated makes it possible to draw the fol-

axposed, and conversely with an increase of dose of virus 122 a
*medicinal® effect of radiation i#* on the virus infection procecss Iis
revealcd.

#2 Zxpressed in percentages of dead control (nonirradiated,
infected) animals,

$+3 Tne percentage of dead animals is lncreased.

#4 The porcentage of dead animals is reduced.

The results of our experiments /37 with the virus ol eDidenmic
parotitis are also contaired in the regularity noted abovae, Tac
virus of parotitis does not cause the death of laboratory animalc,
therefore due to the presence of the low pathogenlicity of ths virus
for white mice and guinea pigs it could bo expacted that tuere
would be an increase in their susceptibility 3 to the virus ac a
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result of irradiation. And in actuality in 2 out of 3 tests on
gulnea ,lgs, which were irradiated with 300 R and infectéd, a ctatis-
tically significunt increase was observed in the frequency cf
casen'gr doath in comparison with the control (irradiatew, nonin-
fected) . . C ‘

an the hypothetical explanation of the dopendernce butween the
effoct of irradiation and tho dose of virus we prococded Svci. Ln-
vestigations which demonstratod: a) suppression, b, X-ray irrad-
iation, of the infiltrative-inflammetorv component cf tiw rasucnce
reaction of tho organism to thc virus /2, 3, 5, 6, 14, 177; &)
a atrongvhening, as a result of irradiatlon, of destructive chaagos
in c¢ells in which the viruses multiply [3, 7, 17, 25, 2§7; ¢)
histologicul chanyges in a large number oi colls, which are cuscepti-
ble to thc virus, as a result of exposure to radiation 127; and &)
‘increasz in tho permeability of tissues_of the irradiated organism
for the infecticus virus /4, 12, 14, 217,

' Thus when doses of virus are usod which cause tiie dewath cof
"alinost 100 of the cnimals a ccmparatively largye percentaje ol
susceptible cells suffer, and therefore significaut infiltrative=
-inflammatory changes are observed in tissues which ars infected
with virus. ilere the determining factor is the effect of X-pray
irradiation in the direction of reducing thesec changes, which in
the [inal results indica.es that there 13 a positive effect of
radiation on the courss of a virus infectious proccss. With tho
use ol the samno doses of viruces at which almost all the animnls
survivc, a cowparatively small percentago of susceptible cells
turn out to ve embraced by a specific pathological process. Under
these conditlons thc determining factor is the offect of X-ray
rradiation 1in the direction of intensifying tae insemination cof
cvlls which are still not infected with virus (as a result of
increasing the permoability of all the tissues of the irradiated
organism for virus particles), which in combination with tho in-
modiate damaging effoct of irradiation on cells which are inlected
with virus has as a filnal result a negative influence of radiation
on the course of the infectious process.

The effoct of 1lrradiation on the infectlous process deponds
to a considorable degree on the dogse of viruss with a decrease in
it an aggravating effect of ionlzing radlation on the infectious
process ls observed, and with an lancrease in the dose of virus
a "medicinal" effect of radiation is observed. '
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